The use of an extracranial-intracranial (EC-IC) bypass has been a choice to improve the safety of parent vessel occlusion during the management of aneurysm. However, the prognosis and subsequent patency of bypass graft are variable and have seldom been managed by endovascular treatment. A 38-year-old gentleman presented to our hospital with intermittent headache. Subarachnoid hemorrhage caused by an internal carotid artery aneurysm was disclosed on the subsequent examination. He received an EC-IC bypass later. However, graft stenosis was found during follow-up. To solve the stenosis, an endovascular stent was inserted by us. There is seldom report of endovascular treatment of the graft. Here we share our experience under such circumstances.
INTRODUCTION
The cause of spontaneous subarachnoid hemorrhage (SAH) is rupture of a cerebral aneurysm in about 85% of the cases (8). Patients often have a rapid onset of severe headache, vomiting and even conscious drowsiness. Because parent vessel occlusion is not well tolerated by all individuals, the use of an extracranial-intracranial (EC-IC) bypass has been advocated in order to improve the safety of this procedure. The subsequent patency and prognosis of the bypass graft has been managed by surgical treatment (6). However, endovascular management is seldom reported (3). We describe a case of stenting performed after stenosis which was noted after the operation.
CASE REPORT
A 38-year-old gentleman with a smoking history was to our emergency department stating that he had been suffering from intermittent headache for five days, and had just had severe vomiting. On neurological examination, the patient was alert, with a Glasgow coma scale score of 15. Brain computed tomography was done and revealed subarachnoid hemorrhage at bilateral basal cisterns and the Sylvian fissure ( Figure 1 ).
The patient underwent cerebral angiography later and it revealed a 2.2 (neck) mm x 1.3 (height) mm aneurysm at the right supraclinoid segment of the internal carotid artery (ICA) (Figure 2) . Rupture of the aneurysm was suspected. The aneurysm was essentially a blister-like aneurysm, which has a high risk of premature rupture during surgery. Therefore, we decided to perform temporal occlusion of the right cervical ICA (Figure 3 ). An eclipse balloon was placed into the distal third of the right cervical ICA and inflated till occlusion of the right ICA. However, we stopped the occlusion 10 minutes later because the collateral flow was too low to take the risk of trapping the ICA. Given this condition, the neurosurgeon decided to perform right EC -IC bypass in order to increase collateral circulation. A saphenous venous graft (SVG) was chosen and the middle cerebral artery (MCA)-M2 was used as the recipient vessel (Figure 4) Afterwards, the right ICA was trapped surgically from the cervical ICA to the proximal part of the posterior cerebral artery (PCA), where the aneurysm orifice was located. The neurosurgeon performed the operation uneventfully. The patient sustained the operation well, but had fever after the operation. After antibiotic treatment, he was discharged safe and sound ten days later.
However, stenosis near the ECA-graft anastomosis site was noted on angiography during the follow-up period ( Figure  5 ). He was asymptomatic. However, there was a tight stenosis over 90%, which was pretty worrisome to the neurosurgeon. 
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Further intervention was suggested. We decided to perform angioplasty and stenting to help him. Heparin was given before the stenting. A 5 mm x 30 mm stent (Cordis, Bridgewater, New Jersey, USA) was deployed to cover the stenosis. We then used an inflated balloon (5 mm x 15 mm, Cordis, Bridgewater, New Jersey, USA) for post-dilation ( Figure   Figure 5 : Tight stenosis near the ECA-graft anastomosis site (white arrow) noted on the angiography during regular followup. Note that the right ICA was trapped and a blind end was left near the bifurcation. Figure 6A , B: Intraoperative angiography during stenting of the EC-IC bypass graft.
6A,B). After the procedure, angiogram showed less than 10% diameter stenosis and increased flow of the graft ( Figure  7A,B) . The patient tolerated the procedure well. He had no neurologic defect and was mobile soon after the procedure. So far, he is doing pretty well.
DISCUSSION
The incidence of SAH is at around 6 to 8 cases per 100,000 patient years (2). SAH may occur spontaneously or from head injury. When it occurs spontaneously, the cause is usually aneurysm rupture. To prevent further rupture, surgical obliteration of the aneurysm has been the mainstay of treatment for decades. Surgical treatment to prevent re-bleeding consists of clipping the ruptured berry aneurysm.
EC-IC bypass is the surgical approach chosen when the intracranial aneurysm is too difficult to approach. The idea of EC-IC bypass was first realized by Yasargil and Donaghy in 1967 to treat Moya-Moya disease (9). It has evolved over time. After clipping of the parent artery proximal and distal to the aneurysm, which means occlusion of the ipsilateral ICA, the external carotid artery (ECA) can provide significant collateral vessels to supply the distal circulation.
Although intraoperative inspection is routine for neurosurgeons, the assessment does not always guarantee the patency of the EC-IC bypass. The bypasses remained patent in only about 90% of cases (4,7).
In this case, stenosis near the anastomosis site was noted on the follow-up angiogram. Angioplasty or stenting for bypass graft stenosis has long been debated in the cardiac literature. However, re-stenosis was common in cases undergoing angioplasty alone for saphenous venous graft stenosis (5). To our knowledge, there were few previous discussions about We provide our experience that stenting can be a feasible option in the future management of stenosis of the EC-IC bypass graft. Follow-up regarding the patency and efficiency of the post-stent graft is still needed.
CONCLUSION
EC-IC bypass has been a management method for aneurysms that are difficult to treat. We report a patient who has undergone a successful EC-IC bypass surgery, but suffered from graft stenosis months later. Further study and followup is needed for the clinical outcome and its role in the management for future similar cases.
